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FOREWORD

The writing of these instructional units represents Phase II ‘of our
science curriculum mini-course development. In Phase I, modules were
written that involved the junior high disciplines, life, earth and“physical
.science. Phase T1 involves senior high physical science, biology, chemistry,
physics and science survey. :

The rat‘onale used in the selection of topics was to identify instructional
areas somewhat difficult to teach and where limited resources exist. Efforts
were made by the writers of the mini-courses to relate their subject to the
practical, real world rather than deal primarily in theory and model building.

It is anticipated that a teacher could use these modules as a supplement
to a basic curriculum that has already been outlined, or they could almost be
used to make up a total curriculum for the entire year in a couple of
disciplines. It is expected that the approach used by teachers will vary
from school to school. Some may wish to use them to individualize instruction,
while others may prefer to use an even-froant approach,

Primarily, I hope these courses will help facilitate more process (hands
on) oriented science instruction. Science teachers have at their disposal
many "props' in the form of equipment and materials to help them make their
instructional program real and interesting. You would be remiss not to take
advantage of these aids.

It probably should be noted that one of our courses formerly called senior
high physical :cience, has been changed to science survey. The intent being
to broaden the content base and use a multi~discipline approach that involves
the life, earth and physical sciences. It is recommended that relevant topics
be identified within this broad domain that will result in a meaningful,
high interest course for the non-academic student.

ALFRED THACKSTON, JR.
Assistant Superintendent for Instruction
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HUMAN GENETICS - MENDEL'S LAWS APPLIED TO YOU!

Mendel's Laws wien applied to peas can be (and often are) confusing and
somewhat dull! You probably think that he was somewhat eccentric to get so
caught up with garden peas - perhaps he was. The true excitment of Mendel's
works is revealed when we take the laws or rules he formulated with peas and
apply them to animals and then to ourselves! It is in the area of human
genetics that students usually find themselves most involved because it is this
area which applies to you!

Genetics of any type is difficult because we are dealing with some very
inconsistent subjects - living things. But the most frustrating experiences
are encountered when one is working on genetics problems at the human level.
Part of this problem occurs because it is literally impossible (as yet) to
discover the effect of environment on heredity and to what extent environment
may change or modify the effect of certain crne pairs. The reasons listed
helow make the study of genetics more difficult than the areas of plant and
animal genetics:

Difficulties in Studving Human Heredity

1. Biologists cannot set up controlled breeding experiments with humans
as they can with fruit flies.

2. Suppose people were to participate in controlled hreeding experiments.
It would still be difficult to discover whether a trait is dominant
or recessive, as Mendel did, because no completely pure strains of
hum~ns exist. Migration, war, changing social and religious ideas,
and easy means of transportation have led to many mixed matings,

3. 1t takes a long time for humans to mature and have offspring. Even if
individuals were to marry at the early age of twenty, and even if their
children and grandchildren were to marry at twenty also, only three or
four generations could be traced during the normal life span of an
investigator.

i

Although a familv of eight people is considered large, it is .small
compared to the familv of 200 or 300 produced by a pair of fruit flies.-
The number of offspring in human families is generally small. 'hus,

it is difficult to obtain reliable ratios of traits and, thereby, to
determine the number and types of genes involved in a trait that is
being investigated. In turn, it then becomes difficult to determine
whether the genes are linked or whether crossing-over has occurred.

5. Since ve.v few families keep complete and accurate records of births,
deaths, the appearance of a new trait, or the disappearance of an old
trait, i+ is difficult to obtain an accurate description of the phenot ypes
0f ancestors, :
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6. Because of the reluctauce of o family to reveal the u. ser of relatives
whe  ted of cancer, who suffer from asthma, etc., who died in insane
asylims, or who married outside their race, it if often impossible to
get information regarding inheritance of certain traits.

7. Recall the 46 chromosomes thai are present in humans. These chromosomes
_are small and not easily studied. Aiso, the sequence of genes in the
chromosomes is relatively unknown.

With all these drawbacks, human genetics is the topic which usually gets us
most interested because it is most directly connected to us!

A. True or False? Heredity or Environment?
OBJECTIVES
When you finish, vou should-be able to:

1. determine the percentage of a survey population who are aware
of the validity of many well-known inheritance beliers.

2, draw conclusions concerning the effect of environment or
modifying genes on human characteristics such as eye <olor
and mental ability.

ACTIVITIES

a. Do "Genetic Facts and Fallacies" (on separate sheet in packet or
to be obtained from your ceacher),

. Read "Tdeca Bridzc- Heredity AND/OR Euvironrent" (on separate
shcet in packet or available from your teacher).

c. Do "Human Characteristics: Heredity or Environment?

ERIC
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9-1
GENETIC FACTS AND FALLACIES

Purpose
To determine the extent to which some basic genetic principles and concepts are understood.

Related Information

Have you ever heard anyone say that the male is the stronger of the two sexes and that he controls
the heredity of the child? Or have you heard anyane suggest that an expectant mother attend con-
certs iF she wants frer unborn child to become a musician? Through car knowledge of genetics, we
have learned that the mother does not influence her unborn chifd, n-.. .‘oes the father alone control
its heredity. In this survey vou will determine the extent to whizh vienbers of your famlly and your
friends believe various statements concerning inheritance.

Part1 CONDUCTING THE SURVEY

- The following statements relate to various genetic prnciples, many of which are associated with
common false ideas and superstitions. Certain of the statements are true. Others are fdlse The pur-
pose of the survey is not to test you, but to provide a questionnaire for you to use.

Materials

no materials or apparatus required

Procedure and Observations
Select ten or more people of vardous ages and read cach of the 20 statements. Ask each person if he
believes the statements to be true or false. Tubulate the answers given alter cach statement and show
the tots! cumber of subjects who responded to cach statement. Be caretul not o indicate the answer

in reading the statement. Correct answers to all survey statements are given in the chart on the follow-
ing page. '

True False Towl

I Certamn acquired characteristics, such as mechanical
or mathematical skill, may he inherited.

Identical twins are always of the same sex.

Fraternal twins are more closely related to cach other
than o ather childien in a family.

4. The father determines the sex of a child.

v Lo

Each parent contribrrtes halt ot a child's genetic makeup,
6. Certain thoughts or oxperiences of a mother may mark
or alter the hereditary makeup of an unborn child.

7. Color bhindness is more common in males than in
fendes, . o !

XA person may transmi cheracteristics to offspring
which he. lnmself. does not show.,

9. Certain hereditary characteristics are intluenced by
the bload.

s 10. tdenncal twins are more closely refated than fruzernal
twins.
. Certam inhented traits may be altered by the stars,
moon, o planets early in development, . B

-3-
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birthmark on an unborn chitd.

Mules are brologically stronger than females.
The tendency to produce twins may run in Famnilies.
A vraving for a tood such as strawberries may cause a

IS, Many of i penson’sinhoted traits are not apparent.
The parent with the stronger will contributes.more to

a child’s inheritance than the other parent.

Ha person toses a limb inan accident. itis likely that

he or she will tave a child with a missing limb.

1N, The attitude of parents toward each other intluences

the emotional makeup of an unborn child.
19, Children born to older parents usually lack the

vitality of those born to younger parents.

20.

Part 2

TABULATING THE RESULTS

The total number of male births exceeds female
birthis cach year.

True

lalse

Total

I this part you will ganesome experience in tabulating data fiom a number of ditterent sources, Ruw
data. such as~you have collected, does notserve & purpose until put into a useful figere, The pereent-
ages obtained will be waphed to provide a visual representation of the data collected by the class.

Materials

L in, square graph paper

2 colored penctls

Procedure and Observations

In the chart below. indicate your number of correct and incorrect answets to the teft of cach square.
teave space to ad the total correct and incorrect responses of the class. The sum of the wtal responses
should be the same for alt of the sarvey statements.
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No. correet
answery

No. incorreet
answers

Total
responses

Correct
answers

(%)

Incorrect
answers

(%)

11. False

2. False

13. True

14, False

! 19, False

15, _Tliuc - e
16, False

_*17, False

‘_-I;\'. False

Summary

To what extent does the survey indicate a need for additional information in genetics?



Idea Bridge: Heredity AND/OR Environment

When we talk about something being ''caused by heredity' or 'caused by
covironment' do we reallv mean what we say? We are quite willing to recognize
that heredity plays au important part in the development of domestic animals
and plants. We would not expect a Great Dane dog to -produce a litter of
terriers; nor would we expect seeds from a yellow tomato to produce plants
tha' would bear red tomatoes. We recognize, of course that environment plays a
part, too. We feed the livestock on our farms, train our horses and dogs, aud
fertilize our fields. All of these activities are part of the eavironment.

We could not produce our domestic animals and plants without them. We know that
heredity and environment must necessarily ipteract.

When we think and talk about people, however, we do not always remember
this necessary interaction. We know that physical traits are inherited. These
include things like eye color, height, tvpe of body build, skin color, curly
and straight hair. But are all of these due entirely to heredity? For example,
from the standpoint of heredity, a certain boy would be able to grow to be six
feet tall. When he is five vears old, however, he is very ill, ard that year
he @rows only half the normal amount. Normally he has bheen growing about lwo
inches a vear. That vear he grows only one inch. He never makes up the inch
that he did not grow iu that particular year. There is a ti.e and a place for
cach stlep in development. 1If it does not take place at that time, it never
does takes place. The boy's adult height is only five fzet and eleven inches.

Could this be true of something like eve color? Yes, it could. Again
for example, a child inherits the ability to develop dark brown eves. ‘The dark
pigment is called melanin. 1t may be found in eyes, skin, and hair, making
the person who has it dark. I[f the formation of the dark pigment should require
the availabilitv of a particular chemical trace element in the food, -the lack
ol this trace element would stop the development of the pigment. We know about
such a relationship in the development of the thyroid gland, and its secrelion,
thyroxin., 1f iodine is not present as a trace element, the gland and its secretion
do not develop normally. Something of the same kind could happen in the case
ol melanin,

The characteristics that we would like most to believe are primarilv dependent
on the environment are mental abilities and personalitv trai!s. These are the
areas where it is most important that people be considerced "equal'. Society can
do something aboul these traits through education and improved environment and
make itself better in the process.

It is difficult, however, Lo see how even these traits could develop from

cnvironment alone.  Anv behavioral trait is dependent finally on the nervous system
and/or the ¢lands of internal secretion (eundocrine glands). 1t has to have a

phvsical basis in the aratomv and phvsiology of these bodv svstems to exist at all.
When we ask ourselves what kiod of basis this is, we come to the structure, size,
vumber - ar-ancement and chemical make-up of the nerve cells and scereting cells.
ALY ol these have (o be based finally in heredity. This is what the individual
starts oul with,

O
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What the individual starts out with is modified by (1) the environment
of the embrvo before birth, (2) the environment of childhood and youth, and
(3) tLhe everyday environment in which the individual lives. However, environ-
ment cannot create a characteristic from nothing. It has to have some bhasis
on which to work. Likewise, heredity cannot operate in a vacuum. It has to
have an environment in which to work. Therefore, environment and heredity
have to interact.



Human Characteristics: Heredity or Euvironment?

Introduction:

‘'here are some human characteristics which are readily recognized as-
having a hereditary basis: eye color, curly hair, facial features, height,
and hody build, for example. Others, such as suseptibility to disease, are
less widely accepted as being related to heredity. Still others, including
personality traits, general mental ability, and various special abilities
(such as music, art, mechanics, and mathematics) are thought by many people
to be due mostly, if not entirely, Lo environment.

In this laboratory experience we will examine a physical traif, and ask-:
oursclves if environment could in any way influence its expression., Then, we

will examine a trait cf behavior and ask ourselves if it could have a hereditary
basis. :

Materials and Equipment:

No materials or equipment are necessary for the first par. of this
laboratory experience. For the second part the following arc nececzsary:

Puzzle
Tags

Collecting hata:

The inheritance of eye color in humans is ordinarily presented as being
based on two kinds of hereditary determiners or genes: browr and blue.
There is a single pair of these. The pair may consist of two brown genes,
two blue genes, or one brown gene and one blue gene. The brown gene is
stroager than the blue, and is dominant over it when the two are present
together. Therefore, two browns, or a brown and a blue, will produce brown,
while onlv two blues together will produce hlue. There is no question that
this pair of gencs exists., And there is no question that it is the principal
basis for determining eye colors. But is this the whole story?

The color of eyes in humans is due principally to the amount of one pigment,

melaning, which is present. This is a dark pigment, which is also found in hair
and skin., Albinos, who have a gene for total absence of color in skin, hair and
cves, vever develop any dark pigment in their eyes. Their eyes are pink,

hecause ol the blood vessels that show through. Have you ever seen pink-eyed
while rabbits? Background coloration may result in a very light blue in the eyes
of human albinos.

v all other people some melanin is deposited. The depositing of melanin
takes place in the iris of the eye. 1Tt begins at a particular point of time in
the development of the embryo, and it ends at a point which differs in individuals.
Darker eved persons are those in whom the depositing of melanin goes on faster
and/or lor a longer time. Heredity factors serve to determine the rate and timing

-§-
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of the process of pigment deposition. Sometimes the process is completed
before birth ¢r shortly afterward. These people remain blue-eyed. Sometimes
it continues into childhood, or even into adulthrod. These people become
hazel-eyed or light brown-eyed or dark brown-eyed.

Observe closely the colors cf the eyes of all members of your class. Ts it
possible Lo classify all of them as either '"brown' or "blue"? Try to put
them into the smallest number of color groups that is possxble How many color
groups are necessary? Try out your color groups by attempting to classify the
same number of persons outside your class. Do you find any individuals who do
not fit into any of the groups? 1If you do, you will need to revise your
classification, and possibly create a new color group. Continue to try out and
revise your classification until you are sure that you can use it fo classify
anv person whom you might meet.

Now line up the members of your class in such a way that they form an eye-
color gradient, trom the person with the darkest eyes to the person with the
lightest eyes. Can you draw a line between '"brown'" and "blue' on the gradient?
Where does ''browt' stop and '"blue'" begin? 1Is there a gradient within the brown
range, and within the blue range (some darker and some lighter)? What sout the
color groups which you have identified between brown and blue?

Do vou think that a single pair of brown-blue genes is sufficient to account
for human eyve color? Would it be possible with a single brown-blue pair to have
colors other than one shade of brown and one shade of blue? One possible
cxplanation of the other color groups would be the existence of modifying genes
(intensitving genes and diluting genes). Another would be the influence of the
eavironment , modifving the action of a single pair nf genes. Which do you think
is the most likelv explanation? Why?

“he wecond part of the cxperience has to do with the development of a simple
skill. Students will ecach get a2 puzzle made from a 3" x 5" filing card from
the teacher. They will also each draw a tag with a number. The tags will be

numbered, beginning with (1), to correspond to the number of students in ‘the
class.

Student s will contest in pairs. As many pairs may contest at a time as there
arc umpires to watch them. Students who are not contesting at a particular time
mav scrve as umpires. In each contest the student who gets the puzzle together

first is the winner,

tach student will contest three :imes in each series of trials. . For the
iirst trial, the pairs numbered (1) and (2), (3) and (4), (5) and (6), (7) and
(8), and following, will contest. For the second trial numbers (1) and (3,
(7 and (41, (5) and (7Y, (6) and (8), and following will contest. For the
third trial, numbers (1) and (&), (2) and (3), (5) and (8), (6) and (7>, and

following will contest. Students losing all three of the contests will retire
from the pame.

The vumbers should Le collected at this point. The remaining students who
arce still in the pame will draw new numbers in a series beginning with (1). Thev
will repeat the process, cach conlesting three times in the same numerical order
as betore, using the same puzzle. Again the three-time losers will retire from
the j;rame.

-9-
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Additional contests tollowing the same pattern will continue until all
students exce - oue hase besn eliminated. This remaining student will be declared
the winner. !f more than one xlass group has been 'engaged in the same laboratory
experience, the 'champion' of nne class group may contest with the 'champion" of
another. ‘This may be done if the same puzzle has been used in both classes. If
different puzzles have been used, the situation would not be comparable. Why not?

Hlow is this laboratory experience like competition in business or politics?
How is it different? 1s success in these fields based in part on inherited
abilitv? or is it entirely a matter of hard work? Or luck? If a part of it is
hased on good home backyround, how much of this, in turn, is due to inherited
ability in the fawily line? ' .

low much do vou think inherited ability had to do with winning this contest?
How much do vou think environment had to do with it? What kind of hereditary
factors, if anv, could have been operating? How do you think environment could

have operated to contribute to the result? Which do vou think was most important,
heredity or environment? Why? ' '

Follow=Up:

What about other human traits? What about susceptibility or resistance to
respiratory disease? leart disease? Cancer? Mental disorders? What about
personality traits? What about high temper? Moodiness? Criminal terdencies?
What about special abilities? What about musical ability? Artistic ,ability?
Mechanical ahilitv? Mathematical ability? Ability to learn languages easily?

To what c:tent do these traits have a hereditary basis? To what extent are
thev due to cenvironment? s it possible for any traits of this Lvpe Lo develop
without some interaction of hoth heredity and environment? Does the relative
importance of heredity and environment always have to be the same in Lhe case
ol different traits?

-10-
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B. Chance or Choice?
OBJECTIVE
) . When you finish, you should be able to:

3. determine the possible gene combinations in a fertilized egg cell
based on probability.

ACTIVITIES

a. Do "Determination of Ratios in Chance Combinations'" (on separate
sheet in packet or available from your teacher).

b, Read "Models for Probability: Heredity' (on separate sheet in
packet or available from your teacher).

-11-
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9-4
DETERMINATION OF RATIOS
IN CHANCE COMBINATIONS

1

Purpose

1o study the chance distobatton of genes in eggs and spers iesulting From meiosis during oogenesis
and spernatogenesis. :

Related Information

. The studv ol geneties revedls that hereditary traits are determined by specific areas of a chromasome
cifled genes. Genes are aranged in linear order on the chromosome and occur in pairs. as do the
chromosomes Chanee distithbution of chromosomes during meiosis and their recombination during

fertlization account for the many variations that oceur in of tspring.

Part 1 DEMONSTRATION OF THE CHANCE COMBINATION OF GENES DURING
FERTILIZATION
I s part you will study the random, or chance. combination of two kinds of beans. There ate only
ihree possible combinations these beans can make. This represents what actually occurs during feruli-
sation when  gene pain lying s two homologous chiomosomes recombines after being separated
duning merosis

Materials

’ cight boses

~000¢d beans
SO0 white heans

Procedure and Observations

I'he class stioudd be divided e tour secions for thas acovigy . Tach section will have two boxes of
heans Facly box contains a mixtuie of 200 1ed beans and 200 white beans. Label one box to repre-
sent the genes continhuted by the sperm and the other to epresent genes contributed by the egg.

Smee the egg and the sperm each contribute one gene of a single pair, choose a bean from
sech box e crder o have o ogene piic. Loy the gene paits in rows: red-ied. red-white, and white-white.
Scleer your heans mnaenes of rounds which will be trimed by your teachier, After each round. count
the beans meach tow and iecord in the table provided.

; R e U,
| Nuniher of pairs of beans in:
INTTINI e e e . ]
Row | Row 2 Row 3 Forral
reel-red red-wliite whitewhire pairs
= S N SR E
CoNC o
H . - T T T T T T T s e s e T T e — — 1T ]
Scetion |
= , 1
| Section | | j
. - [P S - R — i vt
Sevtton 4 ;
) | | I S T
Clis Totals ) I
L . e e e I SV s g U SO |
-12-
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SOn the basis of the data you colfected. it is possible to caleutate
g pabi Add the totals of your thice 1ows and divide the sum by four
reducaon thit oceurs in the fommation of the egg and sperm during
meiosis.) Then, divide the quotient into the total for each row. The num-
ber you obtain expresses a ratio. A samiple of this caleulation is given in

the ratios for each type of.

- AThe four represents the

37+86+41= 164
164+ 4 = 4]

the diagram.

() What ratio did you obtam?

........................................................ (b) Why is it necessary 1o have so

maty beans 1 cach boNT 2.1 1ed-white:
(¢) Explin why the number of caclt color is constant in all boxes. 1.0 white-white

37+41=09
86+ 41 =21
H1+41=1.0

Ratio 9 red-red:

Caiculation of ratio

................................................................. (c) Whut were vy our chances off

selecting the same color beans 1003 gene piir? i v, (1) A different

color? L

two citlerent volorn,

........................................ () Explain why it was important 1o use

(h) What gencue pritciples are demionstrated by your bean selection”? oo e
Summary
How does chance selection of genes provide the basis for variations in organisms? ... ...
-13-
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Models for Probability: Heredity

Introduction:

llave you ever wondered why some people have blue eyes and some have brown
eyes? Or why some people have curly hair and some straigrt? Or why some
people are tall and others short? Or why some people heve skin of one color
and some another? Characteristics of people depend on the heredity factors
that they carry. When these heredity factors are combined in the offspring
of Lvo parents they behave in the same way that coins do when they are tossed.

lteredity factors are called genes. They exist in pairs. When the germ
cells that contain the genes get ready for fertilization, the members of each
gene pair separate. Each member of the pair goes into a different germ cell.

The germ cells from the two parents (sperms from the male and ova or eggs
from the female) are united at the time of fertilization to form a new individual,
Each parent contributes one member of each pair of genes. The new individual
therefore starts out in life with one member of each pair of genes from the
father and one from the mother.

Although some characteristics, like height and skin color, are determined
by several pairs of genes working together, many characteristics are determined
bv a single pair of genes. An example of a characteristic determined by a
single pair of genes is curly hair.* A curly-haired individual carries two
genes for curly. We will use "AA" as a model for curly hair. A straight-haired
individual has two genes for straight. We will use "aa'" as a model for straight
hair. An individual with one gene for curly and one gene for straight (model
'""Aa") has wavy hair.

1{ a curly haired person marries another who is also curly-haired, we can
usc Lhis as a model to represent their marriage:

AA X AA

When the members of the gene pair separate before fertilization and go into
separate germ cells, the model looks like this:

z(/ AA (one parent) AA (other parenf)
(germ cells) - (a) (A) \‘ (A)  (germ cells)

Note that all germ cells of both parents contain a single gene: (AY, When
the serm cells unite at fertilization this is the model:

(A) (A)

N

new individual)

#his is true for Caucasoid (so-called "white'") people. Mongoloid people (Chinese,
Amorican Tndians and others) have only straight hair. Negroid (brown and black)
people have a gene for curly which is so strong that it prevents the expression

of all other hair genes.

-14-
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All of the new individuals contain two genes for curly, and all of them
are curly-haired. :

The same kind of thing happens when two straight-haired individuals marry:
2N
(a) (a)

aa_(parents)

(a) (germ cells)

-~
[+
~

When the germ cells unite at fertilization, all of the new individuals
‘countain two genes fur straight, and all of them are straight-haired.

(a) (a) (germ cells)

aak{, (new individual)

When a curly haired individual marries a straight-haired individgal:
AA X aa

All of the germ cells from the curly-haired parent carry only curly genes,
and all of the germ cells from the straight-haired parent carry only straight

genes:

AA - aa (parents)

£ N (65“//, \\ik(a)

(A) (A)

(germ cells)

At fertilization curly genes have to unite with straight genes:

A a (one germ cell from each par;nt)
A
Aa
and the new individuals that are formed are all Aa,vaﬁd are therefore wavy-haired.
What happens if a wavy-haired person marries another wavy-haired person?
Aa X Aa
“tev. the gence pairs separate:

Aa Aa (parents)

Aé(// \\EAa 'Ak{// \\ﬁga

tialf of the germ cell from each parent carry curly half carry straight.

-15-
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When fertilization takes place, there is an equal chance of a curly gene
from one parent combining with either a curly or straight gene from the other
parent. And there is the same chance of a straight gene from one parent
combining with either a curly or straight gene from the other parent:

Aa ' Aa (parents)

A/ \a A‘/l \a (germ cells)

LN L)

aa (new individuals)

Thus there is one chance in four of a new individual that is curly-haired,
two chances in four of new individuals that are wavy-haired, and one chance in
four of a new individual that is straight-haired. With a large number of new
individuals you could expect a ratio of % curly, % wavy, and % straight.

Let us now look again at what happens when a wavy-haired person marries
another person with wavy hair, and pull it together into a single picture:

. 'Aa ; X

Aa (parents)
wavy wav;\\N
. \ '
¢:3) (a) A) (a) (germ cells)

aa (new\individuals)

' curly wavy wavy % straight

\/‘\f\)
L

This picture is a mathematical model. Another way to show it is with this
model:

A a éj (germ cells of the other parent)
A AA A a
(sorm cells
of one (new individuals)
parent) a [ a A aa

The feour kinds of recombinations that take place in the new individuals occur
in cqual numbers:

VAN LAa LaA Laa

two ol them, however, (Aa and aA) are really the same. Therefore, the result is
aratio ot 1:2:1,

-16-
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C.

Genetic Laws in Human Populations

OBJECTIVES

When you finish, you should be able to:

4,

()

&

investigate certain buman traits and determine their frequency
in a population.

1
relate Mendel's laws to human genetic traits.

6. construct, read and interpret a family history for a specific

genetic trait. '
ACTIVITIES

a. Read Chapter 11 in Modern Biology, 1969 edition (or other reading
material assigned by your teacher).

b. Do '"What are some dominant and recessive traits in man?" (on
separate sheet in packet or available from your teacher).

c. Do "Problems" (on separate sheet in packet or available from your
teacher).

d. Do "Frequency of Human Genetic Traits' (ou separate sheet in

packet or available from your teacher).

-17-
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"difficult it is to determine how it is inherited.

Name Class . Date
ACTIVITY 30. What”éfé some dominant and recessive traits in man?
PRE - LAB

Have you ever heard it said that someone "looks just like" a close relative?
Probably you have. Possibly vou've heard expressions like "he has his father's
cves" or "his mother's nose', What lies behind such statements?

The answer to this question is heredity. We kerow that many human traits
arc inherited, and the features of the face are good examples. Many human
traits are determined by the interaction of a number of genes, and the
environment as well. For instance, the appearance of the nose can depend on
the height of the bridge, the shape and size of the nostrils, and the size of
the tip. Past accidents have their influence, too,

The greater the number of genes that interact to product a trait, the more
But some human characteristics
are passed down the way tallness and shortness were in Mendel's pea plants:

as simple dominants and recessives. They are determined by one or the other of

a contrasting pair of genes. We call the different genes which determine a

trait alleles (a-leelz). The genes for tallness and shortness, for example,
are alleles for height in garden pea plants,

Among human traits which are inherited as dominants and recessives ars many
which can't be studied simply by looking at them. For example, the gene for
tvpe A blood is dominant over that for type 0, but you have to test for blood
groups. What are some visible human traits that are inherited as simple
dominants and recessives? TFor the answer to this question, you have only to
look at your relatives, your friends -- and yourselt.

Yo hepin .il, examine Uh¢ ear lobe, the lower, fleshy part of the ear, in
o cumber of vour classmates. Very soon you will recognize that there are two
hasic tvpes, Lhe free ear lobe and the attached. Free ear lobes hang down

next to the iaw, while attached lobes run directly into it. Which trait is the
dominant one?

similarly, some people have dimples in one or both cheeks, while others have
NO dimples. 1In some people the hair at the middle of the forehead forms a point
called a widow's peak. 1In others the widow's peak is absent and the hairline is
smoolhly curved. Some people have a deep cleft (a groove) in their chin; others
don't. Some people can stick out their tongues and roll them up at the sides,
while others can only stick them out and no more.

On the next page you'll find a simple procedure for conducting your own
inquiry into human heredity. Bul before you go on, answer tl.ese questions.

QUESTIONS
1. Human traits are determined by heredity and
2. VWYhat is dominant trait?
-18-
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3.

}4.

i

What is a recessive trait?

What ié an allele?

llow do iree and attached car lobes difier from each other?

LABORATORY PROCEDURE

o

Choose one trait from among the five that are described in the Pre-lL&b
section for your investigation. (Other students in your class will
investigate either the same trait or one of the others suggested. Your
teacher can assign different traits to various class members.)

Examine as many members of as many families as you can f{or the trait you

are investigating. 1Include as many generations as vou can of each family
in your study.

repare a pedigree chart for each family showing the form of the trait in
cach member. Use this key:

0 = female I = male

® or = trait present (or name the form of the trait present)

0 or ] = trait absent

Marriages and offspring in your pedigree chart should be represented as
shown in the sample pedigree chart below.

R

CLé ®é§l\

CB_ S & 4

A SAMPLE -PEDIGREE CHART

-19-
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OBSERVATTIONS

1. Write the key you are using for your investigation in the space to the
. right. Be sure to give the meaning of each symbol.

KEY USED FOR INVESTIGATION

2. braw a pedigree chart below for each family you have investigated. Have
vou included all members of each familv where possible? .

PEDIGREE CHARTS

-20-




POST - LAB

'1. For the human trait you have investigated, which form do you think is dominant?
2 I<plain vour answer Lo Question 1.
4 Which form of the trait did you observe to skip a generation? (1f neither

one did, which could have?)

4. wWhat would be the expected genotype and phenotype ratios among the offspring
of the marriages listed in the table belcw for the trait you studied?
EXPECTED GENOLYPE AND PHENOTYPE RATIOS OF OFFSPRING
]
CROSSES (MARRTAGES) GENCTYPE RATIO PHENOTYPE RATTO
b Pure dominant X pure dominant
Pure dominant X pure recessive
llybrid X hybrid
Hvbrid X pure dominant
Hybrid X —''re recessive
5, Why don't vour results agree with the ideal expected ratios?
6. llow does investigating several families help you to get results that are

cloger to the ideal ratios?

7. Why is it so important to study as many members of eac! ramilv as possible?

-21-
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PROBLEMS

Make a record of a familyv known to you in which some interesting charac-
teristic appears in several members. Record it in thé form of a pedigree

chart . Answer as manv of the following questions about the characler a@s vou can:
1. 1s the character clear-cut, so that a person either has it or does not

fave it, or are there various degrees of expression ranging from one

¢xtreme to the other?

N

Does it occur ir both males and females, and if so, do both sexes shecw it
with approximately the same frequency?

1. Does it ever appecar in a son or daughter when neither parent showed it?
.. When both parents have the character, do all the children show it?

5  Would the expressicn of the character be easily influenced by changes in
the environment?

6. 1t the character could be influenced by the environment, do you think it
miuht stili have a hereditary basis?

7. Filc away the pedigree you have recorded, and after you have completed the
studv of genetics, examine it again and determine what kind of hereditary
behavior, if any, appears to be concerned in the transmission of the
character.

’ 8. Il.ist some human characters which might be readily influenced by changes

in the environment. Suggest the environmental changes which might be
cxpected Lo influence cach. : ‘

4 l,ist some human characters which would probably not be easily influenced by
changes in the environment.

10. T.ist some human characters which do not appear until late in life. Would

such characters be relatively easy or difficult to study from the standpoint
of heredity? Why?

11. Lisl some human characters which vary considerably in the degree of their
expression from person to person. In beginning the study of hereaity, would
such characters be the most favorable kind for study? Give reasons for
vour answer.

17 . List some characters in domestic animals or pets which you have observed to
be apparentlv dependent upon heredity. Whyv would it be easier to learn
the fundamental principles of heredity from the studv of animals and plants
then from the study of ki : beings?

-29-
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FREQUENCY OF
HUMAN GENETIC TRAITS

Purpose

lu study the mherttance ot certam human traits and to determine their frequency in a popalation.

Related Informatior

fn studytig htiman gencties 1t s not possible tu determine the results ol experimental crosses, as it
wits tor Mendel i s study ot parden peas. 1t is possible, however, to sampie a human population to
detenmane the ticquency ot a given tait and the way it 1s imherited.

Part 1 INHERITANCE OF THE ABIiLITY TO TASTE PHENYLTHIOCARBAMIDE

Fhe aphty or tnabrhity o an individual 1o taste PTC as o bitter sensation is genetically determined.
About 70 percent of the pupulation are PTC tasters, and about 30 pereent are nontasters.

Materials

I'TC (phenylthioca binmde } pupers

Procedure and Observations ; .
PEC papers aie used meothus part 1o deternnmine whether members of tae class and their families are
tasters o1 nomasters Put one of the PTC papers in your mouth. Can you taste it? Record your results
m e table provided. ' :

. Y our Families Ratio expressed
Reaciion You Jarntly Cluss uf class Touwl Ratio as decimal
Faster
Nontaster
Toud
L— - 4o R U, R U -

Take some of the PTC papers home and test members of your family. Record cach member
as @ taster or nontaster Complete the tuble provided. recording the results of the class test. the mem-
berw of then famihies. the ratio of tasters to nontasters. and the ratio expressed as a decimal. (a) On
the basis of your results. can you deterinine whether the ability to taste PTC is due to a dominant or

ICUESSIVE HONET 1oL oo oo oottt ee oo eet e e b

{h) 1t soas the ability o taste PHC dominant of TesSive” e

() Coudd two patents who are nontasters have a child who s o taster? o {d) Explain

JOUT SEENWE . ot ettt et oot b e et s ete oLt it be s e e e s e iba e st he e oo sun L e e e e oL s e aabeeae e st e o Sab bt e et e e aeb ks e e ae b e sn s bt e

.............................................. (¢} Could u parent who is ¢ taster and one who is a nontaster have

children whoare tasters? . (f) Explain youranswer. ...
-23-



..................................................................... (g) Could the parents in (¢) have children who are

nontasters? L (h)  Explain your answel. i

Prepure a pedigree of your family’s ability to taste PTC.

Part 2 INHERITANCE OF THE ABILITY TO ROLL THE TONGUE

The ability to roll the tongue 1 mhented as a dominant tat. People etther roll the tongue casily or
notn all,

Materials

nouaienals or appariatus egired

Procedure and Observations

First deternmne whether vou can 1ol your tongue and record the tesult m the table. Now deternnne
the ability ol the members of your class to roll their tongues and record the resultin the table. Check
the members of your family to determine whether they have the nhented ability to roll their
tongues. Prepare a pedigree of the inheritance of the trait n you tamily.
Count the oceurrence of the trait among ten individuals in your community. Be sure that no
other member of the class has counted them in their sampling: Record your results in the table.
{:) How close is your ratio 1o the 3:1 ratio Mende! found m making monohybrid crosses

with ample dominan:e? . (b) If the ratio is not close to
b, give a possible explanation. . e e
.............................................................. (¢) Are all the tongue rotlers in your survey homozygous
FYor the trant? (d) Explain your answer. ............................ JRRST
Your Fanulics o Ratio expressed
L Trait You | family | Class | of class Total Rativ as decimal

Tongne roller

Nonroller

Summary

Compaie the tesults of the P sturvey with the tongue roller survey. ..o

Y.
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More Human Inheritance

OBJECTIVES

When vou finish, you should be able to:

7. diagram and explain how these factors are inherited in humans.
a. blood types (A, B, 0 and Rh factor)
b. red - green color blindness
c. hemophilia
d. baldness
e. eye and skin color
f. Down's Syndrome
g. phenylketonuria

8. work genetic problems in human genetics encompassing all
genetic laws. '

ACTIVITIES

a. Do "Inheritance of Blood Types' (on separate sheet or available
from your teacher).

b. Do "Sex-Linked Inheritance' (on separate sheet or available from
vour teacher). :

c¢. Do "Human Gentics Problems'" (on separate sheet or available from
your teacher).

d. Rercad Chapter 11 of Modern Biologv.

Do the Crossword Puzzle on Heredity.

-25-
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INHERITANCE OF BLOCD TYPES

Purpose

To demonstrate and become tamiliar with the inheritance of blood types in humans.

Related Information

Part 1

Geneticists probably know more about blood types than any other inherited human trait. The four
basic blood types are determined by the presence or absence of the A and B agglutinogens in'the red
corpuscles. For clarity, consider blood types as being determmed by a single pair of genes. Thus,
tvpe-A blood may be homozygous [4/4 or heterozygous 44, Type-B blood may be homozygous
1815 or heterozygous 181 Type O blood must be homozygous i, and type-AB is a combination of A
and B antigens, with the genotype /478 illustrating codominance.

DIAGRAMMING INHERITANCE OF BLOOD TYPES

In this part you will disgram the inheritance of blood type in the offspring of parents cach having
blaod of a difterent type.

Materials

no materials or apparatus required

Procedure and Ohservations

ERIC

Aruitoxt provided by Eic:

Using the Punpett square showm and the genotypes given above. cross a parent heterozygous for
type-A blood with another having type-AB blood.
(1) What is (he genotype of the parent having

type-A bload? .ooocovi e, (b) What A >
Parents

is the genotype of the AB paremt? ... e AB ~y

............ (¢} What genes for blood type may be
passed on from the type-A parent to the offspring?

......................................................... (d) From the

type-AB parent?
(¢} What gene combinations might be niherited vy

the offspring? ..o Ve,

() What blood types might the Of fSPring pusSEss? ..o e
(2) What bloud types are not possible in the offspring? ..o th) Are any
of the oftspring homozygous tor a type of blood? ... Which type? i,
(i) Are any of the offspring homozygous for the recessive allele? ... e (i) Is the gene for
the receasive allele present inany of the offspring? ... (k) What blood
type does that offspring possess? ... (1) What percentage of offspring might be

expected to have the same blood as the type-A parent? o, (m} Asthe AB

PAUTEINT e OO PO OPUSOPIRR RO
-26~
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Part2 DETERMINING BLOOD TYPE POSSIBILITIES IN OFFSPRING

In this part you will become familiar with the blood types that are possible in offspring resulting from
the crossing of parents having different bloodty pes.

no materials or apparatus required

Procedure and Observations

Using the table provided. determine all possible genotypes of the parents, all possible genotypes of

the children, alt possible blood types, and blood types not possible in the chitdren.

Blood type
of parents

All pussible
genotvpes of
parents

All possible
genotrypes of
children

Al possible
blood types of
children

Blood types
not possible
for children

Aand O

Band O

Aand B

ABuand A

ABuand B

ABand O

Oud O




Summary
(a) On the basis of data in the table, could you prove that a'child beiongs to a certain set of parents?

................................................................ (b) EXPIIN. coceeeer it
(¢) Could you prove that a certain child did not belong to u particular szt of parents? oo

................................................................ (d) EXPAN. oot

(¢) Why is it impussible to determine whether a child belongs toa certain set of parents, but possible

1o determine whether De S MOET i e

-28-
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16. SEX-LINKED INHERITANCE

The X and Y chromosomes, which carry the genes which determine sex, also
catiy venes bor other teaits - Such traits are said o be sex-linked. "The likelihood of
having one of these sex=loked traits sometimes depends onr whether the individual is
mabe or fenpile s in a temale, a recessive eene inone X chromosome can be imasked by
its Jdorninant in the other X chromosome, but a male who inhertts this wene in his
cirodde Nochiomosene will show the characteristic. Color blindness and hemophilia
are two hman detets produced by recessive genes carried by the X chromosome.
The niy be Geoncnived through many generations of normal fenales, appearing

ondy in sone o the made ollsoring,

The foilowine diacrams show that o female with normal color vision may transinit color
had o J

Dlindness to some of her sous. but that all the children of a color blind father will have normal

viston if e mother's color vision genes are hoth normal, :

MOTHER FATHER MCOTHER  FATHER

Y s g
0 Q74 ¢ - 2 OT@

55506 5583

®

1. bn Drioevam toehe ponenrs are o father with normal color vision and o mother twith
ol viston coastoes e color blindness genes Show the combinatons wloch mav appear
i thetr childeer by devenine cach cirele in the By generation. Tndicate sex by the svinhals
v oand & bndicare color blmaness by titling in the civele with black.,

2. What percent oi the daughters have normal color vision? o000 0000 ~ What
pereent of the sans! e . What pereent of the daughters carry the color

Piandne oowone!

Sobnc e o aher o alor blind, Gonaplore the diagran.

40 Whoot peroent cf e daugbiers have normad vision? o000 o .. What pereent
ot the sons? 0 oo ~. . What percent of the daughters are carriers of the deleetive
cone’ L

5. Under whon cinamsiances condd o female be color blind? cooo 000000 oo oo

6. Deseribe tue color vimon o the haldren of a color blind mother e

36
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HUMAN GENETICS PROBLEMS

.Jote: In man, brown eyes are dominant over blue.

O

1.

o

A brown-eyed man marries a blue-eyed woman and they have eight children,

all brown-eyed. What are the genotypes of all the individuals in the
family?

A blue-eyed man, both of whose parents were brown-eyed, marries a brown-
eved woman whose [ather was brown-eved and whose mother was blue-eyed.
They have one child, who is blue-eved. What are the genotypes of all the
individuals mentioned?

What arc the chances that the first child from a marriage ol two hetevo-
zygous brown-eyed parents will be blue-eyed? T1f the first child is brown-
ecved, what are the chances that the second will be blue-eyed?

Note: 1In man, assume that right-handedness is dominant over left-handedness.

b,

Q -
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A right-handed, blue-eyed man whose father was left-handed marries a left-
handed brown-eyed woman from a family in which ali the members that have
been brown-eyed for several generations. What offspring may be expected
from this marriage as to the two traits mentioned?

A brown-eved, right-handed man marries a right-handled, blue-eyed woman.
Their first child is blue-eyed and left-handed. If other children are
born to this couple, what will be their appearance as to these two traits?

A right-handed blue-eyved man marries a right-handed, brown-eyed woman. Thev
have two children, one left-handed and brown-eyed and the other riht-hauded
and blue-eved., By a later marriage with another woman who is also vight-

handed and brown-eyed, this man has nine children, all of whom.are right-
handed and brown-eyed. What are the genotypes of this wan and his two
wives? ’

A girl of normal vision whose father was color blind marries a man of noruwel
vision whose father was also color blind. What type of vision will he
expected in their offpsring?

A color blind man marries a woman of normal vision. They have sons and
daughters, all of normal vision and all of whom marry normal persons. Where
among the grandchildren may color-blindness be expected to appear?

A man and woman, hoth of normal vision-have (1) a color blind son who has a
daurhter of normal vision; (2) a daughter of normal vision who has one color
hlind and one normal son; and (3) another daughter of normal vision who has
iive sons, all normal. What are the vrobable genotvpes of grandparents,
children and grandchildren? )

-30-
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10. A man's maternal grandmother had normal vision; his maternal grandfather
was color blind; his mother is color bliund; his father is of normal vision.
What are the genotypes, as to vision, of the two parents and grandparents
mentioned? What type of vision has this man himself? What type have his
sisters? If he should marry a woman genotypically like one of his sisters,
what type of vision would be expected in the of fspring?

Optional Problem

The mother of a right-handed, brown-eyed woman of normal vision is right-
handed, blue-eyed and of normal vision. Her father is left-handed, brown-eyed,
and color blind. This woman marries a man who is left-hauded, brown-eyed.
and of normal vision (whose father was blue-eyed). What chance will the sons
of this couple have of resembling their father phenotypically?
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CROSSWORD PUZZIE

HERIEDTTY
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The substance ot heredit» is , found in the cell nucleus.

Grepor formulated the laws of hevedit.s,

A woman affected with homophilia transmiis it onlw to uer __ offspring.
Flowering state '

The __ of the offgpring is determined by the chromosome in the sperm.
level

A zene in a pair is _if it wmasks or prevents expression by the other.
The formation of body cclls is called i . '
A bad is sometimes blamed o heredit o,
Fluid carrving sperm is
An _____chromosome combivation prodices a male orispring.
identical twins bewin life as coil.
-
d R -
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23 Primitive reproductive body
25 In reduction division, when a cell has one of each pair of chromosomes,

or half, it is called number.
)28 The is called the unit of heredity.
30 Utter

32 First and last letters of '"oocyte"
33 A hollow sphere of cells in the development of the organism is called the

34 A is a mutant.
36 Revise for publication

37 When three layers are formed in cell division, we call it the

stage.

DOWN

1 The on chromosomes carry certain hereditary traits,

2 Chance distribution (abbhr.)

3 - influences an individual's makeup.

4 Fifth and seventh letters of 37 Across.

5 To be ill

6 The number of X-chiomosomes possessed by the female.

8 Incomplete dominance results in characterisctics,

9 Type of cell reduction, in reproductive cells, to keep the chromosome

number the same is
10 indefinite article
12 Offspring with characteristic not inherited but which can be passed on is
a .
15 Full number of chromosomes in reproductive cell is
) 16 A person has 23 pairs of __

17 Blend

21 Reproductive cell

24 -blindness is more common in men than in women,

25 An offspring from a cross between parents different in one or more traits
is a .

26 Mendel carried out his experiments with garden .

27 An matures into an egg, ready for fertilization,

29 Characteristics caused by mutations may cause death and are called
genes.

31 Pertaining to birth

35 . characteristics are those possessed by both parents and found

in the offspring.
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TEACHER SECTION

OBIECTTVES
’ At the end of (hig unit, the student should be able to:

1. determine the percentage of a survey population who are aware of the
validity of many well-known inheritance beliefs.

e

draw conclusions concerning the effect of environment or modifying genes
on human characteristics such as eye color and mental ability.

3. determine the possible gene combinations in a fertilized egg cell based
on probability.

4. investigate certain human traits and determine their frequency in a
population,

5. relate Mendel's lawé to human genetic traits.

6. construct, read and interpret a family history for a specific genetic
trait.

7. diagram and explain how these factors are inherited in humans:

a. blood tvpes (A, B, 0 and Rh factor)
b. red - green color blindness
c. hemophilia
d. baldness
D e. eye and skin color
f. Down's Syndrome
g. phenvlketonuria

8. work geunetic problems in human genetics. encompassing all genetic laws.

A. 1rue or False? Heredity or Environment?

ACTTIVITITS

’

a. from Biology Investigations by Otto, Towle, Otto, Holt, Yinchart &
Winston, Inc.

Srudents will need survey sheet, graph paper and colored pencils.

For better sampling, survey should not include students enrolled
in biology.

b. from FE.S.E.A. Title IT1, Moline, I'linois

3=

O
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c. from E.S.E.A, Title IIi, Moline, Illinois

Students will need a puzzle in an envelope (unmarked). A series

of numbered tags equal to the number of students in the class

should be available for random selection by the student to determine
his participation in the contest. (Puzzle pattern on separate

sheet )

. Chance or Choice?
ACTIVITIES

a. from Biology Investigations by Otto, Towle, Otto, Holt, Rinehart
& Winston, Inc.

It is possible to do this in smaller groups by using one person as
a timer. The time alloted to each round should be consistent. 30-
60 second rounds usually suffice.

You will need beans red and white of approximately the same size -
counted after each round!

. from 7.S,E.A, Title I1I, Moline, Illinois
C. Genetic laws in Human Populations
ACTIVITIES

a. Substitute another reading selection if necessary. Other books
or editions of Modern Biology have similar information.

This also might be a good time for class discussion.

h. from Laboratory Activity Manual for Biology by Zeichner and Berman,
College Entrance Book Company

¢. from E.S.E.A, Title 111, Moline, Illinois
Students should clear trait with you before researching ilL.

d. from Biologv Investigations by Otto, Towle, Otto, Hol., Rinehart &
Winston, Inc.

Need PTC test papers.
.  dore Human Inheritance

ACTTVITTRES

2
)

Vinston, Tnc.

4. from Biolopv Irvestigations hv Otto, Towle, Otto, Holt, Rinchart &

-35-

O

ERIC

Aruitoxt provided by Eic:

e
[AV)



b. from Discovery Problems in Biology by Bagby, Cope, Hann and
Stoddard, College Tntrance Book Company

¢. ‘hanks to Janet Owens, Catoctin High School.

‘ Or other suitahle reading material, At Lhis point. selccted
questions might be a good review.

v from 1" 5.TN.A. Title 11T, Moline, Tllinois

FTILMS AND FTIMSTRTPS

_fhe two or three films available from the IMC are deadly and not recommended
unless you have a superior group.

Lell Telephone's "he Thread of Life" is very good. Availuble from the
Baltimore Office.

Anothier source is the National Foundation of the March of Dimes.

Address: Division of Health Information and School Relations
TThe Mational Foundation
Box 2000
White Plains, New York 10602

A word of caution: While it is always unadvisable to show films which are

not previcwed - it is especially so on the topic of genetics and birth defects.
Preview and discuss films with your students to make them most effective.

PIBLTOGRAPHY

Otto, James H and Towle, Albert, Modern Biology, Holt, Rinehart & Winston,
Toe,, New York, 1969

Bagby, Gracec; Cope, Harold; Hann, C.S. and Stoddard, Mabel, Discovery
Problems in Biologv, College Entrance Book Company, New York, 1961

Zechner, Trving and Berman, Paul, Laboratory Activity Manual f{or Biology,
College Entrance Book Company, 1971 ¥
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buzzle Pattern for Part II, "Human Characteristics: Heredity or Environment"
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Evaluation Form for Teachers

Name of mini~course

'valuation Questions Yes No Comments l

1. Did this unit accomplish its
objectives with your students?

2. Did vou add any of your own
activities? If so, please
include with the return of
this form.

3. Did you add any films that
other teachers would find
useful? Please mention
source.

4. Were the student instructions
clear?

5. Was there enough information
in the teacher's section?

6. Do you plan to use this unit
again?

7. Which level of student used this unit?

8. WHow did you use this unit - class, small group, individual?

PIFASE RETURN TO SCIENCE SUPERVISOR'S OFFICE AS SOON AS YOU COMPLETE THE COURSE.
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SCIENCE MINI-COURSES

PHYSICAL SCIENCE Prepared by
ELECTRICITY: Part 1

(Types of Generation of Electricity) Marvin Blickenstaff
ELECTRICITY: Part 2

(The Control and Measurement of Electricity marvin Blickenstaff
ELECTRICITY: Part 8

(Applications for Electricity) Marvin Blickenstaff
CAN YOU HEAR MY VIBES? .

(A Mini-course on Sound) Charles Butfington
LENSES AND THEIR USES 4 Bevetrly Stonestreet
WHAT IS IT?

Identification of an Unknown Chemical Substance Jane Tritt
BIOLOGY

A VERY COMPLEX MOLECULE:

D.N.A. The Substance that Carries Heredity Paul Cook
Controlling the CODE OF LIFE Paul Cook
Paleo Biology — BONES: Clues to Mankind's Past Janet Owens
A Field Study in HUMAN ECOLOGY Janet Owens
Basic Principles of GENETICS Sharon Sheffield
HUMAN GENETICS — Mendel's Laws Applied to You Sharon Sheffield

SCIENCE SURVEY

WEATHER Instruments John Fradiska
TOPOGRAPHIC Maps John Geist and John Fradiska
CHEMISTRY

WATER Ross Foltz
PHYSICS

PHYSICAL OPTICS Walt Brilhart
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